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3.4.1 Optical Emission Spectrometry Optical	emission	spectrometry	(OES)	was	one	of	the	first	trace-element	analyses	used	on	archaeological	materials	(Renfrew	and	Bahn	2008:366).	The	method	originated	in	1930,	but	was	not	utilized	in	archaeology	until	the	1950s	and	1960s.	OES	displays	readings	for	more	common	elements	in	percentages.	But	the	readings	of	these	elements	tended	to	be	fairly	unreliable	(Renfrew	and	Bahn	2008:368).	The	analysis	involves	heating	an	artifact	in	a	manner	to	produce	wavelengths	that	are	then	processed	through	a	prism.	Elemental	composition	is	then	determined	by	the	presence	or	absence	of	certain	wavelengths	(Renfrew	and	Bahn	2008:368).	The	plate	which	collects	the	wavelengths	is	capable	of	capturing	all	wavelengths	put	out	by	the	artifact	(Pollard,	et	al.	2007:48).	OES	is	no	longer	widely	used	and	has	been	for	the	large	part	been	replaced	by	ICP-MS	and	AAS.	
3.4.2 Atomic Absorption Spectrometry Atomic	absorption	spectrometry	(AAS)	replaced	OES	during	the	1980s.	This	destructive	technique	uses	principles	similar	to	that	of	OES.	This	method	requires	the	destruction	of	the	artifact	by	acid,	followed	by	heating	of	the	resulting	solution.	Wavelengths	are	then	focused	through	the	solution	in	order	to	identify	a	single	element	(Renfrew	and	Bahn	2008:368).	The	limitation	of	only	being	capable	of	recognize	one	element	at	a	time	is	a	major	disadvantage	of	this	method.	This	being	said,	the	accuracy	
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which	this	analysis	provides	can	be	equal	to,	or	better	than,	ICP-MS	(Pollard,	et	al.	2007:49).		
3.4.3 Instrumental Neutron Activation Analysis Instrumental	neutron	activation	analysis	(INAA)	was	subsequently	developed	around	1950	and	widely	came	into	use	around	1970.	INAA	involves	bombarding	the	artifact	with	neutrons	which	cause	the	production	of	radioactive	isotopes.	These	radioactive	elements	then	decay	into	stable	isotopes	and	produce	radiation.	This	radiation	is	then	read	by	the	machine	which	is	able	to	determine	the	corresponding	elemental	signatures	which	depend	on	the	half-life	of	the	isotopes	which	decayed	(Pollard,	et	al.	2007:123;	Renfrew	and	Bahn	2008:369).	ICP-MS	has	largely	replaced	this	process.	Significantly,	these	early	INAA	elemental	readings	are	comparable	to	ICP-MS	readings,	presuming	that	same	elements	were	being	measured	in	both	methods	of	trace-element	analysis.	This	is	demonstrated	in	a	study	of	Nasca	ceramics	(Vaughn,	et	al.	2011).	This	study	examined	ceramics	in	groups	predefined	by	INAA	in	order	to	test	the	results	against	each	other.	The	study	demonstrated	that	similar	results	are	generated	by	both	methods,	affirming	LA-ICP-MS	as	a	viable	alternative	to	INAA.		
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Hualillas Fm (Otora 2 clays)
Paralaque Fm (Otora 1 clays)
Inagoya Fm (Torata clays)
Toquepala Gp (Tumilaca clays)
Moquegua Fm (Moquegua clays)
Figure 1. Location of the Moquegua Valley, Tiwanaku, and Wari territories in the Moquegua Valley, and
geological formations present within the survey region.
production during the Middle Horizon in Moquegua. In this paper we present results
of investigations into differential clay procurement during the Middle Horizon.
Surveys in 2005 and 2006 established that clays are widely available in the
Moquegua Valley, particularly in the Quaternary alluvial deposits along the valley






































































4.6.1 LA-ICP-MS Procedures Procedures	for	LA-ICP-MS	at	the	Field	Museum	EAF	are	discussed	at	length	by	Dussubieux	and	colleagues	(Dussubieux,	et	al.	2007),	but	will	be	described	briefly	here.	Several	samples,	typically	five,	are	placed	within	the	laser	ablation	sample	chamber	that	has	a	diameter	of	6	cm	and	height	of	5	cm.	Also	included	in	the	sample	chamber	are	three	reference	material	standard	samples;	N610	(glass),	brick	clay,	and	Ohio	Red	clay.	Reference	materials	are	run	in	order	to	ensure	consistency	of	the	readings	being	taken	by	the	device.	The	chamber	must	then	be	purged,	to	allow	for	clean	reading	and	transmission	of	the	ablated	material	to	the	mass	spectrometer.		Once	purged,	the	laser	can	then	be	targeted.	Two	blank	laser	fires	are	initially	taken	to	determine	the	baseline	readings	for	the	machine.	Ten	ablations	are	conducted	per	ceramic	sample.	Five	ablations	are	conducted	on	each	reference	material.	The	laser	warms	up	for	five	seconds	prior	to	every	ablation	and	an	ablation	dwell	time	of	sixty	seconds.	The	dwell	time	allows	for	penetration	of	the	surface	and	any	potential	contamination,	thereby	allowing	for	a	more	accurate	reading	of	the	elemental	composition.	The	ablation	mark	is	100	µm,	about	the	width	of	a	human	hair.	Ablation	marks	are	usually	not	visible	on	the	sample,	which	further	displays	this	technique’s	potential	as	a	minimally	destructive	method	of	elemental	analysis.			The	data	produced	are	then	cleaned	in	order	to	remove	any	erroneous	readings,	such	as	those	that	may	have	been	caused	by	accidental	ablations	of	temper.	No	more	than	three	of	the	ten	readings	taken	are	removed	per	element.	While	not	every	reading	will	be	identical	due	to	the	heterogeneous	nature	of	clay,	the	readings	should	ideally	be	fairly	close.	Upon	completion	of	cleaning	the	sample	and	the	reference	materials,	the	readings	are	
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averaged	together.	In	this	study,	the	elements	Ta,	Au,	W,	Mo,	Na,	Mg,	Al,	Si,	P,	Cl,	K,	Ca,	Ti,	Mn,	Fe,	Se,	As,	Cu,	and	In	were	removed	from	the	data	set.	Removal	was	based	upon	erroneous	readings	from	the	laser	ablation	system.	Elements	were	also	removed	to	make	the	list	compatible	with	elements	present	in	the	Moquegua	clay	database	readings,	thereby	facilitating	comparison	between	the	two	sets	of	readings.		
4.6.2 Statistical Methods The	averaged	readings	are	then	analyzed	using	GAUSS	routines.	GAUSS	is	a	non-commercial	statistical	program	that	was	developed	by	Hector	Neff	at	the	University	of	Missouri	Research	Reactor	Center	(MURR).	Once	imported	into	the	program,	the	data	are	transformed	to	a	logarithmic	scale	(base	10	logarithms).	There	are	several	reasons	for	performing	this	transformation.	One	of	the	reasons	for	this	transformation	is	that	trace	elements	are	more	normally	distributed	in	log	form.	Also,	the	transformation	reduces	the	bias	produced	by	large	elemental	readings	which	would	then	skew	the	analysis	(Niziolek	2011:250).		
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Number	 Archaeologist	 Date	 Weight	(g)	
26	 269	 3N-1E	 2	 610.01	 PTB	 6/27/89	 0.5	g	
26	 269	 3N-1E	 2	 610.02	 PTB	 6/27/89	 0.6	g	
26	 269	 4N-1E	 2	 619.01	 PTB	 6/28/89	 0.7	g	
26	 269	 4N-1E	 2	 619.02	 PTB	 6/28/89	 0.4	g	
26	 269	 4N-1E	 2	 619.03	 PTB	 6/28/89	 0.7	g	
26	 269	 4N-1E	 2	 619.04	 PTB	 6/28/89	 0.2	g	
26	 269	 4N-1E	 2	 619.05	 PTB	 6/28/89	 0.3	g	
26	 269	 4N-1E	 2	 619.06	 PTB	 6/28/89	 0.5	g	
26	 269	 3N-3E	 2	 640.01	 PTB	 6/30/89	 0.2	g	
26	 269	 3N-3E	 2	 640.02	 PTB	 6/30/89	 0.4	g	
26	 269	 0N-1E	 2	 707.01	 PTB	 7/5/89	 0.9	g	
26	 269	 0N-1E	 2	 707.02	 PTB	 7/5/89	 0.5	g	
26	 269	 0N-1E	 2	 707.03	 PTB	 7/5/89	 0.8	g	
26	 269	 0N-3E	 2	 708.01	 PTB	 7/5/89	 0.7	g	
26	 269	 0N-3E	 2	 708.02	 PTB	 7/5/89	 0.4	g	
26	 269	 0N-3E	 2	 708.03	 PTB	 7/5/89	 0.4	g	
26	 269	 0N-3E	 2	 708.04	 PTB	 7/5/89	 0.3	g	
26	 269	 0N-3E	 2	 708.05	 PTB	 7/5/89	 0.6	g	
26	 269	 0N-3E	 2	 708.06	 PTB	 7/5/89	 0.8	g	
26	 269	 4N-3E	 2	 715.01	 PTB	 7/5/89	 0.8	g	
26	 269	 4N-3E	 2	 715.02	 PTB	 7/5/89	 0.4	g	
26	 269	 4N-3E	 2	 715.03	 PTB	 7/5/89	 0.4	g	
26	 269	 4N-3E	 2	 715.04	 PTB	 7/5/89	 0.4	g	
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26	 269	 4N-3E	 2	 715.05	 PTB	 7/5/89	 0.4	g	
26	 269	 4N-3E	 2	 715.06	 PTB	 7/5/89	 0.5	g	
17	 161	 N7-E0	 5	 1233.01	 MVB	 9/4/89	 0.3	g	
17	 161	 N7-E0	 5	 1233.02	 MVB	 9/4/89	 0.5	g	
17	 161	 N7-E0	 5	 1233.03	 MVB	 9/4/89	 0.4	g	
17	 161	 N7-E0	 5	 1233.04	 MVB	 9/4/89	 0.6	g	
17	 161	 N7-E2	 5	 1235.01	 MVB	 9/4/89	 0.7	g	
17	 161	 N7-E2	 5	 1235.02	 MVB	 9/4/89	 0.9	g	
17	 161	 N7-E2	 5	 1235.03	 MVB	 9/4/89	 0.4	g	
17	 161	 N7-E2	 5	 1235.04	 MVB	 9/4/89	 0.5	g	
17	 161	 N7-E2	 5	 1235.05	 MVB	 9/4/89	 0.7	g	
17	 161	 N7-E2	 5	 1235.06	 MVB	 9/4/89	 0.5	g	
17	 161	 N7-E2	 5	 1235.07	 MVB	 9/4/89	 0.5	g	
17	 161	 N7-E2	 5	 1235.08	 MVB	 9/4/89	 0.3	g	
17	 161	 N7-E2	 5	 1235.09	 MVB	 9/4/89	 0.4	g	
17	 161	 N7-E2	 5	 1235.1	 MVB	 9/4/89	 0.2	g	
17	 161	 N7-E2	 5	 1235.11	 MVB	 9/4/89	 0.4	g	
17	 161	 N5-E0	 5	 1236.01	 MVB	 9/4/89	 0.9	g	
17	 161	 N5-E0	 5	 1236.02	 MVB	 9/4/89	 0.5	g	
17	 161	 5N-2E	 5	 1242.01	 MVB	 9/5/89	 0.7	g	
17	 161	 5N-2E	 5	 1242.02	 MVB	 9/5/89	 0.6	g	
17	 161	 5N-2E	 5	 1242.03	 MVB	 9/5/89	 0.6	g	
17	 161	 5N-2E	 5	 1242.04	 MVB	 9/5/89	 0.4	g	
17	 161	 5N-2E	 5	 1242.05	 MVB	 9/5/89	 0.4	g	
17	 161	 5N-2E	 5	 1242.06	 MVB	 9/5/89	 0.4	g	
17	 161	 5N-2E	 5	 1242.07	 MVB	 9/5/89	 0.5	g	





Sector	 Capa	 Unit	 Quad	 Level	 Art	 Feature	
Specimen	
Number	 Notes	 Archaeologist	 Date	 Pesa	(g)	
B	 D	 3	 1	
	 	 	
395.01	 Group	1	 PMHE	 27/6/13	 0.6	g	
B	 D	 3	 1	
	 	 	
395.02	 Group	1	 PMHE	 27/6/13	 0.9	g	
B	 D	 3	 2	
	 	 	
397.01	 Group	1	 PMHE	 27/6/13	 0.2	g	
B	 D	 3	 2	
	 	 	
397.02	 Group	1	 PMHE	 27/6/13	 0.5	g	
B	 D	 3	 4	
	 	 	
400.01	 Group	2	 PMHE	 26/6/13	 0.5	g	
B	 D	 3	 4	
	 	 	
400.02	 Group	2	 PMHE	 26/6/13	 0.9	g	
B	 D	 3	 8	
	 	 	
405.01	 Group	2	 PMHE	 26/6/13	 0.4	g	
B	 D	 3	 8	
	 	 	
405.02	 Group	2	 PMHE	 26/6/13	 0.7	g	
B	 D	 3	 9	
	 	 	
406.01	 Group	2	 PMHE	 26/6/13	 0.6	g	
B	 D	 3	 9	
	 	 	
406.02	 Group	2	 PMHE	 26/6/13	 1.0	g	
B	 D	 3	 13	
	 	 	
411.01	 Group	9	 CNF	 19/7/13	 0.4	g	




10	 CNF	 19/7/13	 0.8	g	




10	 CNF	 19/7/13	 0.2	g	
B	 D	 3	 14	
	 	 	
414.01	 Group	6	 CNF	 19/7/13	 0.4	g	
B	 D	 3	 14	
	 	 	
414.02	 Group	6	 CNF	 19/7/13	 0.5	g	
B	 D	 3	 14	
	 	 	
415.01	 Group	7	 CNF	 19/7/13	 0.3	g	
B	 D	 3	 14	
	 	 	
415.02	 Group	7	 CNF	 19/7/13	 0.9	g	
B	 D	 3	 14	
	 	 	
416.01	 Group	8	 CNF	 19/7/13	 0.6	g	
B	 D	 3	 14	
	 	 	
416.02	 Group	8	 CNF	 19/7/13	 0.6	g	
B	 D	 3	 15	
	 	 	
418.01	 Group	3	 CNF	 19/7/13	 0.3	g	
B	 D	 3	 15	
	 	 	
418.02	 Group	3	 CNF	 19/7/13	 1.3	g	
B	 D	 3	 15	
	 	 	
419.01	 Group	4	 CNF	 19/7/13	 0.5	g	
B	 D	 3	 15	
	 	 	
420.01	 Group	5	 CNF	 19/7/13	 0.4	g	
B	 D	 3	 15	
	 	 	
420.02	 Group	5	 CNF	 19/7/13	 0.5	g	
B	 D	 3	 15	
	 	 	
420.03	 Group	5	 CNF	 19/7/13	 0.5	g	
E	 A	 5	 9	 1	 5	 5	 925.01	
	
EJO	 19/7/13	 0.1	g	




E	 A	 5	 13	 3	 2	 5	 926.02	
	
EJO	 19/7/13	 0.5	g	
E	 A	 5	 13	 3	 2	 5	 926.03	
	
EJO	 19/7/13	 0.6	g	
E	 A	 5	 13	 3	 2	 5	 926.04	
	
EJO	 19/7/13	 0.7	g	
E	 A	 5	 13	 3	 2	 5	 926.05	
	
EJO	 19/7/13	 0.6	g	
E	 A	 5	 13	 3	 2	 5	 926.06	
	
EJO	 19/7/13	 0.4	g	
E	 A	 5	 13	 3	 2	 5	 926.07	
	
EJO	 19/7/13	 0.2	g	
E	 A	 5	 13	 3	 2	 5	 926.08	
	
EJO	 19/7/13	 0.8	g	















































































EJO	 22/7/13	 0.8	g		 			
 
